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PACKAGE ASSEMBLY WITH GATHERED INSULATED WIRES

Field

Embodiments of the present disclosure generally relate to the field of interconunects

e

for integrated circuit (IC) package assemblies, and more particularly, o wire bond
configurations and methods.
Background
In some applications, wire bonding rather than flip chip packaging 1s used as die to
PCR ¢r die to package interconnects. However, interconnects formed using typical wire
10 bonding techniques may have signal integrity issues such as high insertion, retwrn, or
margin loss and chanuel resonance due to inductive tmpedance discontinuity and high
cross talk between the wires.
Brief Diescription of the Drawings
Embodiments will be readily understood by the following detailed description in
15 conjunction with the accompanying drawings. To facilitate this description, like reference
numerals designate hike structural clements. Embodiments are itlustrated by way of
examaplc and not by way of limitation in the figurcs of the accompanying drawings.
FiG. 1 schematically dllustrates a top view of an example integrated cireuit (1C)
package assembly with gathered insulated wires in a ribbon configuration, in accordance
20 with some embodiments.
FiG. 2 schematically illustrates a side view of an example IC package asscmbly
with gathered insulated wires in a ribbon configuration, in accordance with some
embodiments.

FiIG. 3 schematically Hlustrates a top view of an IC package assembly with die

LN

pads in a staggered configuration, in accordance with some embodiments.

FiG. 4 schematically illustrates a cross-section side view of gathered insulated
wires in a ribbon configuration, in accordance with some embodiments.

FiG. 8 schematically illustrates a top view of an IC package assembly with
gathered insulated wires in a stacked configuration, in accordance with some
30 embodiments.

FIG. 6 schematically llustrates a top view of an example 1C package assembly
with die pads in a staggered configuration and gathered insulated wires in a stacked

configuration, in accordance with some embodiments.
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FiIG. 7 schematically illustrates a cross-section side view of gathered insulated
wires in a stacked configaration, in accordance with semce embodiments,

FiG. 8 schematically illustrates a top view of an example 1C package assembly
with gathered insulated wires coupled with a package substrate, in accordance with some
embodiments.

FiG. 9 schematically tlustrates a side view of an example 1C package assembly
with gathered msulated wires coupled with a package substrate, in accordance with some
embodiments.

FiG. 18 schematically illustrates a flow diagram for a method of {abricating an IC
package assembly, in accordance with some embodiments.

FIG. 11 schematically illustrates a computing device that includes an IC package
assembly having a wire bond interconnect structure as described hergin, in accordance
with some embodiments.

Detailed Deseription

Some embodiments of the present disclosure describe an integrated cireait (IC)
package assembly with gathered insulated bond wires and associated techniques and
configurations. In the following description, various aspects of the tHustrative
mplementations will be described using terms commonly employed by those skilled in the
art to convey the substance of their work to others skilled in the art. However, it will be
apparent o those skilled in the art that embodiments of the present disclosure may be
practiced with only some of the described aspects. For purposes of explanation, specitfic
numbers, materials, and configurations are set forth in order to provide a thorough
onderstanding of the illustrative implementations. However, it will be apparent to one
skilled 1n the art that embodiments of the preserd disclosure may be practiced without the
specific details. In other instances, well-known features are omitted ov simplified in order
not to obscure the llustrative implementations.

In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, wherein like numerals designate like parts throughout,
and in which is shown by way of llustration embodiments in which the sebject matter of
the present disclosure may be practiced. It is to be understood that other embodiments
may be utilized and structural or logical changes maay be made without departing from the
scope of the present disclosure. For the purposes of the present disclosure, the phrase “A

and/or B” means (A), (B), or (A and B). For the purposes of the present disclosure, the
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phrase “A, B, and/or C” means (A), (B), (), (Aand B}, (A and C), (B and ), or (A, B,
and C).

The deseription may use perspective-based descriptions such as top/bottom, w/out,
over/under, and the Hike. Such deseriptions are merely used to facilitate the discussion and
are not ntended to restrict the application of embodiments described herein to any
particular orientation,

The description may use the phrases “in an embodiment,” or “mn embodiments,” or
"in some embodiments,” which may each refer to one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” “having,” and the like,
as used with respect to embodiments of the present disclosure, are synonymous.

a5

The term “coupled with,” along with its derivatives, may be used herein.
“Coupled” may mean one or more of the following. “Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, “coupled” may also
mean that two or more elements indirectly contact cach other, but yvet still cooperate or
interact with cach other, and may mean that one or more other elements are coupled or
connected between the elements that are said to be coupled with each other.

FiG. 1 schematically ilustrates a top view of an example integrated circuit (IC)
package assembly 100 with gathered insulated wires in a ribbon configuration, in
accordance with some embodiments. In some embodiments, the I package assembly 100
may nclude one or more IC dics (hereinafier “dic 1027} that may be electrically and/or
physically coupled with a package (sometimes referred to as a “package substrate”). In
some embodiments, the die 102 may be electrically coupled with a printed circuit board
(PCRB) 104,

In embodimaents, the die 102 may generally include a semiconductor substrate, one
or more device layers, and one or more interconnect layers. The semiconductor substrate
may be substantially composed of a bulk semiconductor material such as, for example,
silicon, i some embodiments. The device layer may represent a region where active
devices such as transistor devices are formed on the semiconductor substrate. The device
layer may imchide, for example, structures such as channel bodies and/or source/drain
regions of transistor devices. The interconnect layer may include interconmnect structures
that are contigured to route electrical signals 1o or from the active devices in the device
layer. For example, the interconnect layer may mclade trenches and/or vias o provide

electrical routing and/or contacts. In some embodiments, the die-level interconnect
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structures may be configured to route electrical signals between the die 102 and other
clectrical devices. The clocirical signals may include, for example, imput/output (HO)
signals and/or power/ground signals that are used in connection with operation of the dic
102

The circuit board 104 may be a printed circuit board (PCB) composed of an
clectrically insulative material such as an epoxy laminate.  For example, the circuit board
104 may include electrically insulating lavers composed of materials such as
polytetrathucroethylene, phenclic cotton paper materials such as Flame Retardant 4 (FR-
43, FR-1, cotion paper, and cpoxy materials such as CEM-1 or CEM-3, or woven glass
materials that ave laminated together using an epoxy vesin prepreg material. Intercommect
structures {not shown) such as traces, trenches or vias may be formed through the
clectrically insulating layers to route the elecirical signals of the die 102 through the
cireuit board 104, The circuit board 104 may be composed of other suitable materials 1o
other embodiments. In some embodiments, the circuit board 104 may be a motherboard or
other PCB in a computing device {e.g., PCB 1142 of FIG. 11}

The dic 102 may represent a discrete product made from a semiconductor material
{e.g., silicon) using semiconductor fabrication technigues such as thin flm deposition,
lithography, etching, and the like used in connection with forming complementary metal-
oxide-semiconductor (CMOS) devices. In some embodiments, the die 102 may be,
melude, or be a part of 2 radio frequency (RF) die. In other embodiments, the dic may be,
melude, or be a part of a processor, memory, system-on-chip (S0C), or apphication specific
integrated circuit (ASIC). As shown, the die 102 may inclode a plurality of die pads 106
that may include a first die pad 108, a second die pad 109, a third dic pad 110, a fourth dic
pad 111, a fifih die pad 112, a sixth dic pad 113, and 2 seventh die pad 114. The PCB 104
may nclude a plurality of PCB pads 116 that may include a first PCB pad 118, a second
PCE pad 119, a third PCB pad 120, a fourth PCB pad 121, a fifth PCB pad 122, a sixth
PCB pad 123, and 2 seventh PCB pad 124,

In some embodiments, the die 102 may be electrically coupled with the PCB 104
with a first phurality of insulated wires 126 and a second phurality of msulated wires 127
clecirically coupling the pharality of die pads 106 to the plurality of PCB pads 116, In
various cmbodiments, the use of insulated wires may allow bond wires 1o touch without
shorting. In some embodiments, the first plurality of insulated wires 126 may include a

first imsulated wire 128, a second insulated wire 129, a third insulated wire 130, and a
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fourth tuselated wire 131, The second plurality of imsulated wires 127 may inchude a fifth
insulated wire 132, a sixth insulated wire 133, a seventh insulated wire 134, and an cighth
msulated wire 135 in various embodiments. [n some embodiments, the first insulated wire
128, the fourth insulated wire 131, the fifth insulated wire 132, and the cighth insolated
wire 135 may be ground (Vss) wires; the second insulated wire 129 and the third insulated
wire 130 may be a first differential signal wire pair {e.g., Sig+ and Sig-, respectively); and
the sixth insulated wire 133 and the seventh insulated wire 134 may be a second
differential signal wire pair. In some embodiments, a single ended signaling msulated wire
may be used rather than or in addition to a differential signal wire pair. In some
embodiments, at least one of the first insulated wire 128, the second insulated wire 129,
the third msulated wire 130, or the fourth msulated wire 131 may be less than or equal {o
700 microns in length. In some ombodiments, the nsulated wires may be approximately
630 microns long. However, i other embodiments, the nsulated wires may be longer or
shorter.

As shown, in some embodiments, the first insulated wire 128 may have a first end
coupled with the first die pad 108 and a sccond end coupled with the first PCB pad 118.
The second msulated wire 129 may have a first end coupled with the second die pad 109
and a second end coupled with the sccond PCE pad 119, The third insulated wire 130 may
have g first end coupled with the third dic pad 110 and a second end coupled with the third
PCB pad 120, The fourth insulated wire 131 may have a first end coupled with the fourth
die pad 111 and a second end coupled with the fourth PCR pad 121, The fifth msulated
wire 132 may bave a first end coupled with the fourth die pad 111 and a second end
coupled with the fourth PCB pad 121. The sixth insulated wire 133 may have a first end
coupled with the fifth dic pad 112 and a second end coupled with the fifih PCB pad 122,
The seventh insulated wire 134 may have a first end coupled with the sixth die pad 113
and a second end coupled with the sixth PCB pad 123, The cighth insulated wire 135 may
have a first end coupled with the seventh die pad 114 and a second end coupled with the
fourth PCB pad 124, in various embodiments. Tn some embodiments, more than one
insulated wire may be coopled with the same dic pad and/or PCB pad, as is shown for the
fourth insulated wire 131 and the fifih insolated wire 132 which are both coupled with the
fourth die pad 111 and the fourth PCB pad 121, In various embediments, cach dic pad

and/or PCB pad may be coupled with no more than onc insulated wire.
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In some embodiments, the distance between bonding locations of insulated wires
on differerd die pads or different PCB pads may be approximately 200 microus, For
example, in some embodiments, the distance between the first insulated wire 128 on the
first die pad 108 and the second nsulated wire 129 on the second die pad 109 may be
approximately 200 microns and the distance between the second insulated wire 129 on the
second PCB pad 119 and the third insulated wire 130 on the third PCB pad 120 may be
approximately 200 microns. The spacing of the nsulated wires at the bonding locations
may be less than or greater than 200 microns in some embodiments. In various
embodiments, the differential pair-to-pair pitch at the bonding pads may be approximately
600 microns but may differ in some embodiments.

In some embodiments, the first plurality of insulated wires 126 and the second
plurality of insulated wires 127 may be coupled with the plurality of die pads 106 and the
plurality of PCB pads 116 by wire bonding. In various ersbodiments, the insulated wires
may be ball bonded or wedge bonded. As shown, the first plurality of insulated wires 126
may extend in parallel along a gathered region 136 and the second phaality of insulated
wires 127 may extend in paratlel along a gathored region 137, In some cmbodiments, the
location of the jnsulated wires in gathered regions may reduce one or more wire loop arcas
formed by signal-ground bond wire pairs or differential signal wirve pairs which may
reduce impedance discontinuity and crosstaik in comparison to typical wire arrangoments
that are vot located together in gathered regions. Tn some embodiments, the reduced wire
loop areas and mmproved signal integrity may allow longer bond wire fength than typical
wire arrangements, which may allow for additional flexibility in the design of bond wire
configurations. With reduced loop area, the self and mutual inductance of the signal wires
may be reduced and the self and mutual capacitance of the signal wites may be increased,
reducing impedance and crosstalk.

In some embodiments, the phirality of insulated wires 126 may be in a ribbon
contiguration in the gathered region 136 such that an outer surface of the sccond nsulated
wire 129 may be in contact with an outer surface of the first insulated wire 128 and an
outer surface of the third insulated wire 130, with the outer surface of the third insulated
wire 130 also in contact with an outer surface of the fourth insulated wire 131, In some
erobodiments, the first insulated wire 128 touches the second msulated wire 129 along at

least a portion of the gathered region 136 and the third insulated wire 130 touches both the
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second insulated wire 129 and the fowrth insulated wire 131 along at least a portion of the
gathered region 136.

Although the plurality of insulated wires 126 are shown as being in contact in the
gathered region 136, in some embodiments, the insulated wires 126 may not be in contact
with cach other but may be located such that an outer surface of the second insulated wire
129 is located at a distance of less than an cuter cross-sectional diameter of the second
msulated wire 129 from an outer surface of the first insulated wire 128 at a first location in
the gathered region 136 and the outer sorface of the second insudated wire 129 is located at
a distance of less than the outer cross-sectional diameter of the second insulated wire 129
from an outer surface of the thivd insulated wire 130 at a second location in the gathered
region 136. In various embodiments, an adhesive, such as an epoxy based material, may
cover at icast a portion of the gathered region 136 and/or the gathered region 137, In some
embodiments, the outer cross-sectional diameter of the second insulated wire 129
compared in relation to the position of the second insulated wire to the outer surface of the
first and third insolated wires may be a greatest outer cross-sectional diameter of the
sccond insulated wire 129 In various embodiments, the outer cross-sectional diameter of
the second insulated wire 129 compared in relation to the position of the second nsulated
wire to the outer surface of the fivst and third insulated wires may be an outer cross-
sectional dismeier of the second insulated wire at the location on the sccond insulated wire
nearest to the outer surface of the first insulated wire when measuring the distance to the
first insulated wire and at the location on the second msulated wire nearest o the outer
surface of the third insulated wire when measuring the distance to the third insolated wire.

In some embodiments, the IC package assembly 100 may be included as a part of
or coupled with a silicon photonics moduic and may be a driver IC medule and/or receiver
for the silicon photonics module. The IC package assembly 100 may include a wide
variety of other suitable configurations in other embodiments imchuding, for example,
suitable combinations of flip-chip and/or wire-bonding configurations, interposers, multi-
chip package configurations including system-in-package (SiP) and/or package-on-
package (PoP) configurations. Gther suitable techniques to route electrical signals
between the die 102 and other components of the IC package assembly 100 may be used
in some emboduments.

FIG. 2 schematically illustrates a side view of an example IC package assembly

200 with gathered insulated wires that may be in a ribbon configuration, in accordance
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with some embodiments. In some embodiments, the IC package assembly 200 may
include one or more 1C dies {(heremnafter “dic 2027) electrically and/or physically coupled
with a package 203 (sometimes referred to as a “package substrate”). In some
embodiments, the dic 202 may be electrically coupled with a PCB 204. In some
embodiments, the package 203 may not be present. In various embodiments, the package
203 may include another 1C die moeurded 1n a flip-chip configuration on the PCB 204 such
that the die 202 is mounted on the PCB 204 along with the package 203 including the
other die in a chip-on-chip {COC) configuration.

In various embodiments, the die 202 may be coupled with the PCB 204 using a
plurality of gathered insulated wires having first ends wire bonded to a plurality of die
pads on the die and second ends wire bonded to a plurality of PCB pads on the PCB 204,
As shown, the plurality of insulated wires may inclade insulated wire 206, the plurality of
dic pads may include die pad 208, and the plurality of PCB pads may include PCB pad
210, In some embodiments, the 1C package assembly 200 may be a side view of the IC
package assembly 100 shown in Fig. 1, with the die 202 corresponding to the die 102; the
PCB 204 corresponding to the PCB 104; the insulated wire 206 corresponding to the first
nsulated wire 128; the dic pad 208 corresponding to the first dic pad 108; and the PCH
pad 210 corvesponding to the first PCB pad 118,

The package 203 may include clectrical routing features such as, for example,
traces, pads, through-holes, vias, or lines configured to route electrical signals to or from
the die 202, For example, the package 203 may be configured 1o route electrical signals
between the die 202 and components for wireless commumnication that are integrated
within the package assembly, or between the die 202 and the circuit board 204, or between
the die 202 and another clecirical componend {e.g., another die, interposer, interface,
component for wircless compmumication, cte.} coupled with the package 203, fn some
embodiments, the package 203 may include a mukti-layer package assembly with
mtegrated components for wireless compnwumication. The wireless communication may
melude, for example, short range wireless data ansfer between portable deviees and/or
wireless displays or high speed wireless communication between peer devices.

Package-level interconnects, such as solder balls, may be coupled with the package
203 and/or the circuit board 204 to form correspounding sclder joints that are contfigured 1o

further route the clectrical signals between the package 203 and the circuit board 204.
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Other suitable technigques to physically and/or electrically couple the package 203 with the
circuit board 204 may be used in other embodiments.

FIG. 3 schematically illustrates a top view of an IC package assembly 300 with die
pads in a staggered configuration, in accordance with some embodiments. In various
embodiments, the IC package assembly 300 may include one or more IC dics 302 that
may be clectrically and/or physically coupled with a PCB 304, In some embodimends, the
die 302 may include a plurality of die pads 306 that may include a first die pad 308, 2
second die pad 310, a third die pad 312, and a fourth die pad 314 that may be arranged ina
staggered contfiguration as shown. In varicus embodiments, the plurality of die pads 306
may be spaced apart in a first divection and at least one of the die pads may be spaced
apart in a second direction with respect to at least one of the other die pads. In some
embodiments, the first divection may correspond to a direction across the plarality of
msulated wires 326 and the second dircction may correspond to a direction normal to the
first direction or longitudinally along at least one of the plurality of imsulated wires 326.
As shown, in various embodiments, the first die pad 308 and the third die pad 312 may be
spaced apart from each other in the first direction, and the second die pad 310 and the
fourth die pad 314 may be spaced apart from each other in the first direction. As shown, in
some embodiments, the fivst die pad 308 and the third die pad 312 may be spaced apart
from the second dic pad 310 and the fourth die pad 314 in the sccond direction.

The PCB 304 may include a phlurality of PCB pads 316 that may include a first
PCB pad 318, a second PCB pad 320, a third PCB pad 322, and a fourth PCB pad 324. In
some embodiments, the plurality of PCE pads 316 may be arranged in a staggered
configuration. In various cmbodiments, the plurality of PCB pads 316 may be spaced apart
in a first divection and at least one of the PCB pads 316 may be spaced apart i1 a second
direction with respect to at least one of the other PCB pads. In some embodiments, the
first divection may correspond to a direction acvoss the plurality of insulated wires 326 and
the second direction may correspond to a direction normal to the fivst divection or
longitudinally along at least one of the plurality of insulated wires 326. As shown, n
various embodiments, the first PCB pad 318 and the third PCB pad 322 may be spaced
apart from cach other in the first divection, and the second PCB pad 320 and the fourth
PCB pad 324 may be spaced apart from cach other in the first divection. As shown, in
some embodiments, the fivst PCB pad 318 and the third PCB pad 322 may be spaced apart

from the second PCB pad 320 and the fourth PCB pad 324 in the second direction.
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In some embodiments, the die 302 may be electrically coupled with the PCR 304
with a plurality of insulated wires 326 clectrically coupling the plurality of dic pads 306
with the plurality of PCB pads 316, The plarality of insulated wires 326 are shown ina
partially transparent x-ray view in order to show where the plurality of die pads 306 and
the plarality of PCB pads 316 may be located in various cmbodimenis. As shown, a first
msulated wire 328 may have a first end wire bonded to the first dic pad 308 and a second
end wire bonded to the first PCB pad 318, The second msulated wire 330 may have a fivst
end wire bonded to the second die pad 310 and a second end wire bonded o the second
PCB pad 320. The third insulated wire 332 may have a first end wire bonded to the third
dic pad 312 and a second end wire bounded to the third PCB pad 322. The fourth insulated
wire 334 may have a first end wire bonded to the fourth dic pad 314 and a second end wire
bonded to the fourth PCB pad 324. In various cmbodiments, the positioning of the dic
pads 306 and the PCB pads 316 i staggered configurations may allow the plurality of
msulated wires 326 1o have a gathered region that runs for a greater proportion of their
length, which may redoce loop areas between the insulated wires and improve varioos
clecirical performance characteristics.

FiG. 4 schematically lustrates a cross-section side view of a plurality of gathered
msulated wires 400 in a ribbon configaration, in accordance with some embodiments. In
some crubodiments, the phlurality of gathered insulated wires 400 may include a first
insulated wire 402, a second insulated wire 404, a third insulated wire 406, and a fourth
msulated wire 408, In various embodiments, each of the insulated wires 402, 404, 406, and
408 may include a bond wire core 4180, 412, 414, or 416, respectively, which may be made
of copper, gold, or another electrically conductive material, for example. In various
embodiments, cach of the insulated wires 402, 404, 406, and 408 may have an insulator
coating 418, 420, 422, or 424, respectively, that may be formed of a material based on an
epoxy or polyamide, for example. In various embodiments, each insulated wire may have
an inner bond wire core diameter and an outer diameter that includes the insulator coating.
In some embodiments, as shown, the inner diameter and outer diameter of cach insulated
wire may be the same for each wire, shown as D1 for the inner diameter and D2 for the
outer dismeier. The nner and/or outer diameter may vary between wires in some
embodiments. In some embodiments, the outer diameter, D2, may be approximately 25
microns. The outer diameter may be smaller or larger in various embodiments. The outer

diameter, D2, and the inner diameter, D1, are not shown to scale. In some embodiments,
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the nsulator coatings may be thinner or thicker in relation to the bond wire coves than
shown,

In some emmbodiments, the first msulated wire 402 may be in contact with the
second insulated wire 402 at a first location 426; the second insulated wire 404 may be in
contact with the third insulated wire 406 at a second location 428; and the third insulated
wire 406 may be in contact with the fourth jusulated wire 408 at & third location 430, Tn
various emobodiments, the plurality of insulated wires 400 may correspond to a cross-
section of the first plurality of insulated wires 126 in the gathered region 136, the second
plurality of insulated wires 127 in the gathered region 137, or the plurality of insulated
wires 326 in the gathered region 336 shown and described with respect to Figure 1 or
Figure 3.

FiIG. & schematically illustrates a top view of an IC package assembly SO0 with
gathered msulated wires in a stacked configuration, in accordance with some
embodiments. In various embodiments, the 1C package assembly 500 may include one or
more dies SO2 that may be clectrically and/or physically coupled with a PCB 504. In some
embodiments, the die 502 may include a plurality of dic pads 506 that may inchude a first
dic pad 508, a second dic pad 510, and a third die pad 512, The PCB 504 may include a
plurality of PCB pads 516 that may include a fivst PCB pad 518, a second PCB pad 520,
and a third PCB pad 522

In some embodiments, the die 502 may be clectrically coupled with the PCB 504
with a plurality of insulated wires 526 elecirically coupling the phiwvality of die pads 506 to
the phirality of PCE pads 516, As shown, a first insalated wire 528 may have a fisst end
coupled with the first die pad 508 and a sccond end coupled with the first PCB pad S18. A
sccond fnsulated wire 530 may have a first end coupled with the second dicpad 510 and a
second end coupled with the second PCB pad 520. A third nsulated wire 532 may havea
first end coupled with the third die pad 512 and a second end coupled with the third PCB
pad 522.

In some embodiments, the plurality of insulated wires $26 may be coupled with the
plurality of die pads 506 and the plurality of PCE pads 516 by wire bonding. In various
embodiments, the insulated wires 526 may be ball bonded or wedge bonded. As shown,
the plarality of fnsulated wires 526 may extend in paraliel along a gathered region 536, In
some ecmbodiments, the plurality of insulated wires 526 may be in a stacked configuration

m the gathered region $36 such that an outer surface of the first insulated wire 528 may be
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in contact with both an outer surface of the second insulated wire 530 and an outer surface
of the third insulated wire 532 along at least a portion of the gathered region 536, with the
outer surface of the second nsulated wire 530 also in contact with both an outer surface of
the first tnselated wire 528 and an outer sarface of the third nsulated wire 532 along at
least a portion of the gathered region 536.

Although the plurality of insulated wires 526 are shown as being in contact in the
gathered region 536, in some embodiments, the insulated wires 526 may not be in contact
with each other but may be located such that an outer surface of the second insulated wire
530 is located at a distance of less than an outer cross-sectional diameter of the second
msulated wire 530 from an outer surface of the first insulated wire 528 at a fivst location
the gathered region 536, the outer surface of the second msulated 530 wire is located at a
distance of less than the outer cross-sectional diameter of the second insulated wire 536
from an outer surface of the third insulated wire 532 at a second location in the gathered
region 536, and the outer surface of the first nsulated wire 528 1s located at a distance of
less than an ouvter cross-sectional diameter of the first insulated wire 528 from an outer
surface of the third insulated wire 532 at a third location in the gathered region 536, In
various cmbodiraents, an adhesive, such as an epoxy based material, may cover at least a
portion of the gathered region 536.

In some cmbodiments, the first insulated wire 52% and the third insulated wire 532
may be a differential signal wire pair and the second insulated wire 530 may be a ground
{(Vss) wire. The second insulated wire 530 may be shorter than the fivst insulated wive 528
and the third insulated wire 532 in varigus embodiments. Although the second insolated
wire 530 is shown ranning on top of the first nsulated wire 528 and the third insulated
wire 532, the second insulated wire 530 may ron below the first insulated wire 528 and the
third insulated wive 332 in some embodiments. In some embodiments, additional ground
wires may be added or stacked around the differential signal wire pair.

FiG. 6 schematically llustrates a top view of an example 1C package asscrubly
600 with die pads in a staggered configuration and gathered insulated wires in a stacked
configuration, in accordance with some embodiments. In various embodiments, the IC
package asscmbly 600 may include one or more dies 602 that may be clectrically and/or
physically coupled with a PCB 604, In some embodiments, the die 602 may include a

plurality of die pads 606 that may inchide a first die pad 608, a second die pad 610, and a
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third die pad 612. The PCB 604 may inclode a plurality of PCB pads 616 that may melude
a first PCH pad 61¥, a sccond PCB pad 620, and a third PCB pad 622,

{n some embodiments, the die 602 may be clectrically coupled with the PCB 604
with a plurality of msulated wires 626 clectrically coupling the plurality of die pads 606 to
the plarality of PCB pads 616, As shown, a first insufated wire 628 may have a first end
coupled with the first dic pad 608 and a second end coupled with the first PCB pad 618, A
second insulated wire 630 may have a first end coupled with the second diepad 610 and a
second end coupled with the second PCB pad 628. A third insulated wire 632 may bave a
first end coupled with the third dic pad 612 and a second end coupled with the third PCB
pad 622,

In some embodiments, at least one of the plarality of die pads 606 or the plurality
of PCB pads 616 may be arranged in a configuration with at feast one of the dic pads or
PCH pads spaced apart from at least one of the other dic pads or PCB pads in a ditection
that extends longitudinally with respect to at least one of the phirality of insulated wires
626. As shown, in various embodiments, the first die pad 608, the second die pad 610, and
the third dic pad 612 may be spaced apart from cach other along a direction that extends
longitudinally along the plurality of insulated wires 626. In some embodiments, the first
PCE pad 618, the second PCE pad 620, and the third PCB pad 622 may be similarly
spaced apart from each other along the divection extending longitudinally along the
plurality of insulated wires 626, as shown.

In some embodiments, the plurality of insulated wires 626 may be coupled with the
plurality of die pads 606 and the plurality of PCE pads 616 by wire bonding. In various
embodiments, the insulated wires 626 may be ball bonded or wedge bonded. As shown,
the plarality of fnsulated wires 626 may extend in paraliel along a gathered region 636, In
some embodiments, the plurality of insulated wires 626 may be in a stacked configuration
m the gathered region 636 such that an outer surface of the first insulated wire 628 may be
in contact with both an outer surface of the second insulated wire 630 and an outer surface
of the third mmsulated wire 632 along at least a portion of the gathered region 636, with the
outer surface of the second nsulated wire 630 also in contact with both an outer surface of
the first insulated wire 628 and an cuter surface of the third msulated wire 632 along at
least a portion of the gathered region 636.

FiG. 7 schematically illustrates a cross-section side view of gatherved nsulated

wires 700 in a stacked configuration, in accordance with some embodiments. In some
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embodiments, the plurality of gathered insulated wires 700 may include a first insulated
wire 702, a second insulated wire 704, and a third insulated wire 706. In various
embodiments, cach of the msulated wires 702, 704, and 706 may include a bond wire core
708, 710, or 712, respectively, which may be made of copper, gold, or another electrically
conductive material, for example. In various embediments, cach of the insulated wires
702, 704, and 706 may have an fosulator coating 714, 716, or 718, respectively, that may
be formed of a material based on an epoxy or polyamide, for example. In various
embodiments, each insolated wire may have an inper bond wire core diameter and an outer
diameter that includes the insulator coating. In some embodiments, as shown, the inner
diameter and outer diameter of each insulated wire may be the same for each wire. The
mner and/or outer diameter may vary between wires in some embodiments.

In some cmbodiments, the first insulated wire 702 may be in contact with the
second insulated wire 704 at 2 first location 720; the first insulated wire 702 may be in
contact with the third insulated wire 706 at a second location 722; and the second insulated
wire 704 may be in contact with the third insulated wire 706 at a third location 724, In
various cmbodiments, the plurality of tusolated wires 700 may correspond to a cross-
section of the plurality of insulated wires 526 in the gathered region 536 shown and
described with respect to Figure 5, or the plurality of insulated wires 626 in the gathere
region 636 shown and described with respect io Figure 6.

FiG. B schematically llustrates a top view of an example 1C package asscrobly
R0G with gathered insulated wires coupled with a package substrate, in accordance with
some embodiments. In varions embodiments, the IC package assembly 800 may include
one or more dies 802 that may be electrically and/or physically coupled with a package
803 (sometimes reforred 1o as a “package substrate”). In some ombodiments, the die 802
may nclude a plurality of die pads 806 that may mclade a first die pad 808, a second die
pad 810, a third die pad 812, and a fourth die pad §14. The package 803 may include a
plurality of substrate pads 816 that may include a first substrate pad 818, a second
substrate pad 820, a third substrate pad 822, and a fourth substrate pad §24.

In some embodiments, the die 802 may be electrically coupled with the package
803 with a plovality of insulated wires 826 clectrically coupling the phurality of die pads
806 to the plurality of substrate pads 816. As shown, a first jusulated wire 828 may have g
first end coupled with the first die pad 808 and a second end coupled with the first PCB

pad 818. A second mnsalated wire 830 may have a first end coopled with the second die
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pad 810 and a second end coupled with the second PCB pad 820. A third insulated wire
832 may have a first end coupled with the third dic pad 812 and a second end coupled with
the third PCB pad 822, A fourth insulated wire 834 may have a first end coupled with the
fourth die pad 814 and a second end coupled with the fourth PCB pad 824,

In various cmbodiments, the plurality of insulated wires 826 may be coupled with
the plurality of dic pads 806 and the plurality of PCB pads 816 by wire bonding. In some
embodiments, the insulated wires 826 may be ball bonded or wedge bonded. As shown,
the phirality of insulated wires 826 may extend m parallel along a gathered region 836, In
some embodiments, the plurality of insulated wires 826 may be in a ribbon configuration
m the gathered region 836 such that that an outer surface of the second insulated wire 830
may be in contact with an cuter surface of the first insulated wire 828 and an ouoter surface
of the third insulated wire 832, with the outer surface of the third insulated wire 832 also
i contact with an outer surface of the fourth insulated wire 834,

Although the plurality of insulated wires 8§26 arc shown as being in contact in the
gathered region 836, in some embodiments, the msulated wires 826 may not be in contact
with gach other but may be located such that an outer surface of the second msulated wire
830 1s located at a distance of less than an outer cross-sectional diameter of the second
msulated wire 830 from an outer surface of the first insulated wire 828 at a fivst location
the gathered region 836 and the outer surface of the second insulated wire 830 is located at
& distance of less than the outer cross-sectional diameter of the second nsulated wire 30
from an outer surface of the third insulated wire 832 at a second location n the gathered
region 836, In varigus embodiments, an adhesive, such as an epoxy based material, may
cover at icast a portion of the gathered region 836.

FiG. 9 schematically ilustrates a side view of an example 1C package assembly
D00 with gathered msulated wires coupled with a package substrate, in accordance with
some embodiments. In varieus embodiments, the IC package assembly 900 may include
ome or more iC dies (hereinafter “dic 9027) clectrically and/or physically coupled with a
package 903 (sometimes referred to as a “package substrate”). In some embodiments, the
package 903 may be electrically coupled with a PCB 904, In various embodiments, the
package 903 may include another IC die mounted in a flip-chip configuration on the PCB
904 such that the die 902 15 mounted on the PCB 904 along with the package 903
melading the other die in 8 chip-on-chip (COC) configuration. In some embodiments, the

package 503 may inclode a via 912 electrically coupled with the PCB 904 and/or the
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package assembly may be clectrically coupled with the PCE 904 with a phurality of wires
that may include an insulated wire 914 wire bonded to a substrate pad 916 on the package
substrate and a PCB pad 918 on the PCB 904,

In various embodiments, the die 902 may be coupled with the package 903 using a
plurality of gathered insulated wires having first ends wire bonded to g phurality of dic
pads on the dic and second ends wire bonded to a plurality of substrate pads on the
package 903, As shown, the plurality of insulated wires may mechide insulated wire 906,
the phirality of die pads may include die pad 908, and the plurality of sebstrate pads may
include substrate pad 910. In some embodiments, the IC package assembly 900 may be a
side view of the IC package assembly 800 shown in Fig. &8, with the die 502 corresponding
to the die 802; package 903 corresponding to the package 803; the PCE 904 corresponding
to the PCB 804, the nsulated wire 506 corresponding to the first insulated wire 828; the
dic pad 908 corresponding to the first dic pad 808; and the substrate pad 910
corresponding to the first substrate pad 818,

FiIG. 18 schematically illustrates a flow diagram for a method 1000 of fabricating
an IC package asscmbly (e.g., the IC package assembly 100, 204, 300, 500, 600, 800, or
D00 of FIG. 1, 2,3, 5, 6, 8, or 9}, in accordance with various embodiments. The method
1000 may comport with configurations and techniques described in connection with FIGS.
2-9 and vice versa.

At ablock 1002, an IC dic may be provided. The IC dic may be a die such as the
1C die 102, the die 202, the die 302, the die 502, the die 602, the dic 802, or the die 902
described with respect to FIGS. 1, 2, 3, §, 6, &, or 9, for example. In some embodiments,
the provided 1C die may alrcady include die pads. However, in various embodiments, the
process 1000 may include forming dic pads on the dic. insome embodimnents, the die pads
may be formed n a staggered configuration such as that described with respect to the die
302 of Fig. 3 or the die 602 of Fig. 6, for example.

At a block 1004, a fust end of an josulated wire may be wire bonded to a dic pad
on the IC die. At a decision block 1006, 1t may be determined whether additional first ends
of insulated wires are to be wire-bonded to the IC die. If, at the decision block 1006, it is
determined that additional first ends of insulated wires are to be wire bonded to the IC die,
the process 1000 may return to the block 1004 where a first end of another insulated wire
may be wire bonded to a die pad on the die. If] at the decision block 1006, it is determined

that no additional first ends of insulated wires are t0 be wire bonded to the IC die, the
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process 1000 may proceed to a block 1008 where a second end of an insulated wire having
a first end wire-bonded to the 1C dic may be wire bonded to a pad on a printed cireuit
board (PCB). At a decision block 1010, it may be determined whether additional second
ends of insolated wires are to be wire-bonded to the PCB.

1f, at the decision block 101, it is determined that additional second ends of
msulated wires are to be wire-bonded to the PCR, the process 1600 may retum to the
block 1008 where 8 second end of another of the insulated wires may be wire bonded to
the PCB. In some embodiments, the second ends of the insulated wires may be wire
bonded to a package substrate rather than the PCB. I at the decision block 1610, itis
determined that no additional second ends of the insulated wires are to be wire bonded, the
process 1000 may proceed to a block 1012 where the insulated wires may be gathered
together. In some embodiments, the insulated wires may be routed in 3 gathered
contiguration before or while wire bonding rather than gathering the fnsulated wires
together after wire bonding. At a block 1014, an adhesive may be applicd to the gathered
msulated wires.

Embodimenis of the present disclosure may be implemented inio a systom using
any suitable hardware and/or software to configure as desired. FIG. 11 schematically
ilustrates an example computing device 1100 that includes an 1C package assembly 1101
having gathered insulated wires (e.g., I package assembly 100, 200, 300, 500, 600, 300,
or 900 of FIGS. 1, 2, 3, 5, 6, 8, or 9} as described herein, in accordance with some
embodiments. The IC package assembly 1101 may inclade a substrate 1104 having a bi-
layer dielectric structare such as the dielectric structure 202. The substrate 1104 may be
coupled with a die 1102 that may be similar to the die 102, the die 202, the dic 302, the dic
502, the die 602, the die 802, or the dic 902 described with respect to FIGS. 1, 2, 3, 5, 6, &,
or 9, for example. In some embodiments, the die 1102 may include a processor of the
computing device 1100, In some embodiments, the term “processor” may refer to any
device or portion of a device that processes electronice data from registers and/or memory
1o transform that electronic data into other electronic data that may be stored in registers
and/or memory. The processor may include one or more processing cores in various
erabodiments.

In some embodiments, at least one commumication chip 1106 may be physically
and electrically coupled with the IC package assembly 1101, In some embodiments, the

communication chip 1106 may be a part of the IC package assembly 1101 {(e.g., 3s an
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additional die on or embedded in build-up layers in IC package assembly 1101}, In various
erabodiments, the computing device 1100 may include a board such as a printed circuit
board (PCR) 1142 that may be in 2 housing 1108 in some embodiments. In some
embodiments, the board may be a motherboard. The IC package assembly 1101 or the
communication chip 1106 may be disposed on the PCB 1147 in some embodiments, In
various embodiments, the die 1102 may be wite bonded to the PCB 1142 or the substrate
1104 with gathered insulated wires as described with respect to Figures 1-10. Various
components of the computing device 11030 may be coupled with each other without
craployment of the PCB 1142 in some embodiments.

Depending on its applications, the computing device 1100 may include other
components that may or may not be physically or electrically coupled with the PCB 1142,
These other components may inchude, but arc not limited to, volatile memory (e.g.,
dynamic random access memory 1109, also referred 1o as “DRAM™), non-volatile memory
{c.g., read only memory 1110, also referred o as “ROM”), flash memory 1112, an
mput/ootput controller 1114, a digital signal processor (not shown), a crypto processor
{not shown)}, a graphics processor 1116, one or more antenna 1118, a display (not shown),
a touch screen display 1120, a touch screen controller 1122, a battery 1124, an andic
codec (not shown), a video codec (not shown), a chipset (not shown), a power amplifier
{not shown), a global positioning system (“GPS”) device 1128, a compass 1140, an
accelerometer (not shown), a gyroscope (not shown), a speaker 1132, a camers 1134, or a
mass storage device (such as hard disk drive, a solid state drive, compact disk {C3),
digital versatile disk (DVD), and so forth) (not shown). In some embodiments, various
components may be integrated with other components fo form a system-on-chip (“SoC”).
In some embodiments, some components, such as DRAM 1109, may be embedded in the
IC package assembly 1101,

The communication chip 1106 may enable wireless commmonications for the
transfer of data to and from the computing device 1100, The term “wircless” and its
derivatives may be used to describe circuits, devices, systems, methods, technigues,
communications channels, etc., that may commumnicate data through the use of modulated
clectromagnetic radiation through a non-solid medium. The term does not imply that the
associated devices do not contain any wires, aithough in some embodiments they might
not. The comnumication chip 1106 may implement any of a number of wireless standards

or protocols, including but not limited to Institute for Electrical and Electronic Engineers
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(IEEE) standards incleding WiGig, Wi-Fi (IEEE 802.11 family), IEEE 802.16 standards
{e.g., IEEE 802.16-2005 Amendment}, Long-Term Evolution (LTE) project along with
any amendments, updates, and/or revisions {e.g., advanced LTE project, ultra mobile
broadband (UMB) project (also referred to as “3GPP27), etc.). 1EEE 802.16 compatible
broadband wircless access {(BWA) networks are generally referred to as WiMAX
networks, an acronym that stands for Worldwide Interoperabihity for Microwave Access,
which is a certification mark for products that pass conformity and interoperability tests
for the IEEE 802.16 standards. The communication chip 1106 may operate in accordance
with a Global System for Mobile Communication {GSM), General Packet Radic Service
{GPRS), Universal Mobile Telecommunications System (UMTS), High Speed Packet
Access (HSPA)Y, Evolved HSPA (E-HSPA), or LTE network, The communication chip
906 may operate in accordance with Enbanced Data for GSM Evolution (EDGE), GSM
EDGE Radio Access Network (GERAN), Universal Terrestrial Radio Access Network
(UTRAN), or Evolved UTRAN (E-UTRAN). The communication chip 1106 may operate
in accordance with Code Division Multiple Access (CDMA), Time Division Multiple
Access (TDMA), Digital Enhanced Cordless Telecommunications (BECT), Evolution-
Data Optunized (EV-DO), derivatives thereof, as well as any other wircless protocols that
are designated as 3G, 4G, 5G, and beyond. The commumication chip 1106 may operate in
accordance with other wircless protocols in other embodimenis.

The computing device 1100 may include a plurality of convnunication chips 1106,
For instance, a first commumication chip 1106 may be dedicated to shorter range wircless
communications such as WiGig, Wi-Fi, and Bluetooth and 2 second communication chip
1106 may be dedicated to longer range wireless conununications such as GPS, EDGE,
GPRS, CDMA, WiMAX, LTE, EV-DO, and others,

in various implementations, the computing device 1100 may be a laptop, a
netbook, a netehook, an ultrabook, a smartphone, a tablet, a personal digital assistant
(PDA), an ultra mobile PC, a mobiie phone, a desktop computer, a server, a priter, 2
scanner, a monitor, a set-top box, an entertainment control unit, a digital camera, a
portable music player, or a digital video recorder. The computing device 1100 may be a
mobile computing device 1o some embodiments. In further iroplementations, the

computing device 1100 may be any other electronic device that processes data.
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EXAMPLES

Example 1 may include an integrated circuit (IC) package assombly
comprising: an IC die; & first insulated wire having a first end wire bonded with the IC die
at a first dic pad; a second insulated wire having an outer cross-sectional diameter and
first end wire bonded with the IC dic at a second die pad; and a third insulaied wire having
a first end wire bonded with the 1C dic at a third die pad, wherein: the first, second, and
third die pads are disposed on the 1C die and are scparate from each other; an outer surface
of the second insulated wire 1s located at a distance of less than the outer cross-sectional
diameter of the second insulated wire from an outer surface of the first insulated wirc ata
first location; and the outer surface of the second insulated wire s focated at a distance of
less than the ooter cross-sectional diameter of the second insulated wire from an outer
surface of the third insulated wire at a second location.

Example 2 may include the subject matter of Example 1, wherein: the first,
second, and third insulated wires extend in parallel along a gathered region; the first
insulated wire touches both the second insulated wire and the third insulated wire along at
least a portion of the gathered region; and the second insulated wire touches both the first
insulated wire and the third insulated wire along at least a portion of the gathered region.

Example 3 may include the subject matter of Example 2, wherein the
second insulated wire is shorter than the first insulated wire and the third insulated wire.

Example 4 may include the subject matter of Example 2, wherein the first
msulated wire i1s a ground wire and the second and third insulated wires are a differential
signal wire pair.

Example 5 may include the subject matter of Example 1, further
comprising a fourth insulated wire having a first end wire bonded with the IC dicata
fourth die pad, wherein: the fivst, second, third, and fourth insulated wires extend in
parallel along a gathered region; the first insulated wire touches the second msulated wire
along at least a portion of the gathered region; and the third insulated wire touches both
the second insulated wire and the fourth insulated wire along at least a portion of the
gathered region.

Example 6 may include the subject matter of Example §, wherein: the first,
sccond, third, and fourth die pads arc spaced apart in a first direction; and at least one of
the first, second, third, and fourth dic pads are spaced apart in a second direction with

respect to at feast one of the other of the first, second, third, and fourth die pads,
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Example 7 may include the subject matter of Example S, wherein the first
and fourth insulated wires are ground wires and the second and third insulated wires arc a
differential signal wire pair.

Example 8 may mchide the subject matter of any one of Examples 2-7,
wherein at least one of the first, second, and third insulated wires is less than or equal i
700 microns in length.

Example 9 may nclude the subject matter of any one of Examples 2-7,
further comprising a package substrate, wherein: the first insulated wire includes a second
end wire bonded with the package substrate at a first substrate pad; the sccond insulated
wire includes a second end wire bonded with the package substrate at a second substrate
pad; and the third insulated wire includes a second end wire bonded with the package
substrate at 3 third subsirate pad.

Example 10 may include the subject matter of auy one of Examples 2-7,
further comprising a printed circuit board (PCRB), wherem: the first insulated wire includes
a second end wire bonded with the PCB at a first PCB pad; the second insulated wire
includes a second end wire bonded with the PCB st a second PCB pad; and the third
insulated wire includes a second end wire bonded with the PCB at a third PCB pad.

Example 11 may include a method of fabricating an integrated circuit (IC)
package assembly, the method comprising: providing an IC die; wire bonding a first end
of a first insulated wire to the 1C die at a first pad; wire bonding a fust end of a second
insulated wire having an outer cross-sectional diameter to the IC die at a second pad; wire
bonding a first end of a third insulated wire to the IC die at a third pad; and gathering the
first, second, and third wires together along a gathered region, wherein: the first, second,
and third pads arc separate from cach other; an outer surface of the sccond insulated wire
1s located at a distance of less than the outer cross-sectional diameter of the second
msulated wire from an outer surface of the first insulated wire along at least a portion of
the gathered region; and the outer surface of the second insulated wire is located ata
distance of less than the outer cross-sectional diameter of the second insulated wire from
an outer surface of the third insulated wire along at least a portion of the gathered region.

Example 12 may include the subject matter of Example 11, wherein: the
first, sccond, and third insulated wires extend in paraliel along the gathered region; and the
first msulated wire touches both the second msulated wire and the third imsulated wire

along at least a portion of the gathered region.
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Example 13 may tnclude the subject matter of Example 12, wherein the
first msulated wire is 2 ground wire and the second and thitd insulated wites arc a
differential signal wire pair.

Example 14 may inchude the subject matter of Example 11, fiwther
comprising wire bonding a first end of a fourth msulated wire to the IC at a fourth die pad,
wherein: the first, sccond, third, and fourth insulated wires extend in parallcl along 2
gathered region; the first insulated wirve touches the second msulated wire along at leasta
portion of the gathered region; and the third insalated wire touches both the second
insufated wire and the fourth insulated wire along at least a portion of the gathered region.

Example 15 may include the subject matter of Example 14, wherein: the
first, second, third, and fourth die pads are spaced apart in 3 first divection; and at least one
of the first, second, third, and fourth die pads arc spaced apart in a second direction with
respect to at feast one of the other of the first, second, third, and fourth dic pads.

Example 16 may include the subject matter of Example 14, wherein the
first and fourth insulated wires are ground wires and the second and third insulated wires
are a differential signal wire pair.

Example 17 may inchude the subject matter of any one of Exarnples 12-16,
wherein at least one of the first, second, and third insulated wires 1s less than or equal 1o
700 microns in length.

Example 18 may include the subicct matter of auy one of Examples 12-16,
further comprising: wire bonding a second end of the first insulated wire to a package
substrate at a first substrate pad; wire bonding a sccond end of the second tnselated wire to
a package subsirate at a second substrate pad; wire bonding a second end of the third
insulated wire to a package substrate at a third substrate pad.

Example 19 may include a computing device comprising: a circuit board;
and

an integrated circuit (1C) package asscrubly coupled with the circuit board,
the IC package assembly includmg: an IC die; a first msulated wire having a fivst end wire
bonded with the IC dic at a8 first die pad; a sccond insulated wire having an outer cross-
sectional diameter and a first end wire bonded with the IC dic at a second dic pad; and a
third insulated wire having a first end wire bonded with the IC dic at a third dic pad,
wherein: the first, second, and third die pads are disposed on the IC die; an outer surface

of the second msulated wire is located at a distance of less than the outer cross-sectional
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diameter of the second msulated wire from an ouoter surface of the first insulated wire at a
first location; and the outer surface of the second nsulated wire is located at a distance of
less than the outer cross-sectional diameter of the second insulated wire from an outer
surface of the third msulated wire at a second location.

Example 20 may include the subject matter of Example 19, wherein: the
first nsulated wire includes a second end wire bonded with the circuit board; the second
msulated wire iIncludes a second end wire bonded with the circunt board; and the thard
mnsulated wire inclades a second end wire bonded with the circuit board.

Example 21 may include the subject matter of Example 20, wherein: the
first, second, and third insulated wires extend in paraliel along a gathered region; and the
first msulated wire tooches both the second msulated wire and the third msulated wire
along at least a portion of the gathered region; and the sccond insulated wire touches both
the first nsulated wire and the third insulated wire along at least a portion of the gathered
region.

Example 22 may tnclude the subject matter of Example 20, wherein the IC
package asscmbly further includes a fourth insulated wire having a first end wire bonded
with the IC die at a fourth dic pad, wherein; the first, second, third, and fourth fnsulated
wires extend in paralicl along a gathered region; the first insulated wire touches the second
sulated wire along at least a portion of the gathered region; and the third iosulated wire
touches both the second insulated wire and the fourth insulated wire along at least a
portion of the gathered region.

Example 23 may tnclude the subject matter of Example 22, wherein: the
first, sccond, third, and fourth dic pads are spaced apart in a first direction: and at least one
of the first, second, third, and fourth dic pads are spaced apart in a second direction with
respect 1o at least one of the other of the first, second, third, and fourth die pads.

Example 24 may inchude the subject maiter of any one of Examples 19-23,
wherein: the first insulated wire is a ground wire; and the second and third insulated wires
are a differential signal wire pair.

Example 25 may include the subject matter of any one of Examples 19-23,
wherein: the computing device is a mobile computing device including, coupled with the
circuit board, a display, a touchscreen display, a touchscreen controller, a battery, a global

g system device, a compass, a speaker, or a camera.
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Various embodiments may inchide any suitable combimation of the above-
described embodiments including alternative (ot} embodiments of embodiments that are
described in conjunctive form {(and) above (e.g., the “and” may be “and/or™).
Furthermore, some embodiments may include one or more articles of manufacture {e.g.,
non-transitory computer-readable media) having instructions, stored thereon, that when
exccuted rosult in actions of any of the above-described embodimends. Morecover, some
embodiments may include apparatuses or systems having any suitable means for carvying
out the various operations of the above-deseribed embodiments.

The above description of illustrated truplementations, including what is described
m the Abstract, is not intended 10 be exhaustive or to himit the embodiments of the present
disclosure to the precise forms disclosed. While specific implementations and examples
are described herein for illustrative purposes, various equivalont modifications are
possible within the scope of the present disclosure, as those skilled in the relevant arvt will

recognize.
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What is claimed is:

1. An integrated circuit (IC) package assembly comprising:

an IC die;

a first insulated wire having a first end wire bonded with the IC di¢ at a
first die pad,;

a second insulated wire having an outer cross-sectional diameter and a first
end wire bonded with the IC die at a second die pad; and

a third insulated wire having a first end wire bonded with the IC die at a
third die pad, wherein:

the first, second, and third die pads are disposed on the IC die and are

separate from each other;

an outer surface of the second insulated wire is located at a distance of less
than the outer cross-sectional diameter of the second insulated wire from an outer surface
of the first insulated wire at a first location; and

the outer surface of the second insulated wire is located at a distance of less

than the outer cross-sectional diameter of the second insulated wire from an outer surface
of the third insulated wire at a second location.

2. The IC package assembly of claim 1, wherein:
the first, second, and third insulated wires extend in parallel along a

gathered region;
the first insulated wire touches both the second insulated wire and the third

insulated wire along at least a portion of the gathered region; and

the second insulated wire touches both the first insulated wire and the third
insulated wire along at least a portion of the gathered region.
3. The IC package assembly of claim 2, wherein the second insulated wire is

shorter than the first insulated wire and the third insulated wire.
4. The IC package assembly of claim 2, wherein the first insulated wire is a

ground wire and the second and third insulated wires are a differential signal wire pair.
5. The IC package assembly of claim 1, further comprising a fourth insulated

wire having a first end wire bonded with the IC die at a fourth die pad, wherein:
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the first, second, third, and fourth insulated wires extend in paralle] along
a gathered region;

the first insulated wire touches the second insulated wire along at least a
portion of the gathered region; and

the third insulated wire touches both the second insulated wire and

the fourth insulated wire along at least a portion of the gathered region.
6. The IC package assembly of claim 5, wherein:
the first, second, third, and fourth die pads are spaced apart in a first

direction; and
at least one of the first, second, third, and fourth die pads are spaced apart
in a second direction with respect to at least one of the other of the first, second, third,
and fourth die pads.
7. The IC package assembly of claim. S, wherein the first and fourth insulated

wires are ground wires and the second and third insulated wires are a differential signal

wire pair.

8. The IC package assembly of claim 2, wherein at least one of the first,
second, and third insulated wires is less than or equal to 700 microns in length.
9. The IC package assembly of claim 2, further comprising a package
substrate, wherein:

the first insulated wire includes a second end wire bonded with the package
substrate at a first substrate pad,

the second insulated wire includes a second end wire bonded with the

package substrate at a second substrate pad; and
the third insulated wire includes a second end wire bonded with the

package substrate at a third substrate pad.

10. The IC package assembly of claim 2, further comprising a printed
circuit board (PCB), wherein:

the first insulated wire includes a second end wire bonded with the PCB at
a first PCB pad;

the second insulated wire includes a second end wire bonded with the PCB

at a second PCB pad; and

the third insulated wire includes a second end wire bonded with the PCB

at a third PCB pad.
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11. A method of fabricating an integrated circuit (IC) package assembly,

the method comprising:

providing an IC die;
wire bonding a first end of a first insulated wire to the IC die at a first pad;
wire bonding a first end of a second insulated wire having an outer cross-

sectional diameter to the IC die at a second pad,
wire bonding a first end of a third insulated wire to the IC die at a third pad;
and
gathering the first, second, and third wires together along a gathered region,
wherein:

the first, second, and third pads are separate from each other;

an outer surface of the second insulated wire is located at a distance of less
than the outer cross-sectional diameter of the second insulated wire from an outer surface
of the first insulated wire along at least a portion of the gathered region; and
the outer surface of the second insulated wire is located at a distance of
less than the outer cross-sectional diameter of the second insulated wire from an outer
surface of the third insulated wire along at least a portion of the gathered region.
12. The method of fabricating an IC package assembly of claim 11, wherein:

the first, second, and third insulated wires extend in parallel along the

gathered region; and
the first insulated wire touches both the second insulated wire and the
third insulated wire along at least a portion of the gathered region.
13. The method of fabricating an IC package assembly of claim 12, wherein the first

insulated wire is a ground wire and the second and third insulated wires are a

differential signal wire pair.
14. The method of fabricating an IC package assembly of claim 11, further
comprising wire bonding a first end of a fourth insulated wire to the IC at a

fourth die pad, wherein:
the first, second, third, and fourth insulated wires extend in parallel along a

gathered region;
the first insulated wire touches the second insulated wire along at least a
portion of the gathered region; and
the third insulated wire touches both the second insulated wire and the

fourth insulated wire along at least a portion of the gathered region.
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15. The method of fabricating an IC package assembly of claim 14, wherein:
the first, second, third, and fourth die pads are spaced apart in a first

direction; and
at least one of the first, second, third, and fourth die pads are spaced apart
in a second direction with respect to at least one of the other of the first, second, third,

and fourth die pads.

16. The method of fabricating an IC package assembly of claim 14, wherein
the first and fourth insulated wires are ground wires and the second and third insulated
wires are a differential signal wire pair.

17. The method of fabricating an IC package assembly of

claim 12, wherein at least one of the first, second, and third insulated wires is less than or equal
to 700 microns in length.
18. The method of fabricating an IC package assembly of claim 12, further
comprising:

wire bonding a second end of the first insulated wire to a package

substrate at a first substrate pad;

wire bonding a second end of the second insulated wire to a package

substrate at a second substrate pad;
wire bonding a second end of the third insulated wire to a package
substrate at a third substrate pad.
19. A computing device comprising:
a circuit board; and
an integrated circuit (IC) package assembly coupled with the circuit board, the IC

package assembly including:
an IC die;

a first insulated wire having a first end wire bonded with the IC die at a

first die pad;
a second insulated wire having an outer cross-sectional diameter and a first
end wire bonded with the IC die at a second die pad; and
a third insulated wire having a first end wire bonded with the IC die at a third
die pad, wherein:
the first, second, and third die pads are disposed on the IC die;
an outer surface of the second insulated wire is located at a distance of less
than the outer cross-sectional diameter of the second insulated wire from an outer surface

of the first insulated wire at a first location; and
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the outer surface of the second insulated wire is located at a distance of less
than the outer cross-sectional diameter of the second insulated wire from an outer surface

of the third insulated wire at a second location.
20. The computing device of claim 19, wherein:
the first insulated wire includes a second end wire bonded with the circuit

board;
the second insulated wire includes a second end wire bonded with

the circuit board; and
the third insulated wire includes a second end wire bonded with the circuit
board.

21. The computing device of claim 20, wherein:
the first, second, and third insulated wires extend in parallel along a
gathered region; and
the first insulated wire touches both the second insulated wire and the
third insulated wire along at least a portion of the gathered region; and
the second insulated wire touches both the first insulated wire and the third
insulated wire along at least a portion of the gathered region.
22. The computing device of claim 20, wherein the IC package assembly
further includes a fourth insulated wire having a first end wire bonded with the IC die at a
fourth die pad, wherein:
the first, second, third, and fourth insulated wires extend in parallel along a
gathered region;
the first insulated wire touches the second insulated wire along at least a

portion of the gathered region; and

the third insulated wire touches both the second insulated wire and the
fourth insulated wire along at least a portion of the gathered region.
23. The computing device of claim 22, wherein:

the first, second, third, and fourth die pads are spaced apart in a first

direction; and at least one of the first, second, third, and fourth die pads are spaced apart in a
second direction with respect to at least one of the other of the first, second, third, and fourth

die pads.
24.  The computing device of claim 19, wherein:

the first insulated wire is a ground wire; and

29



25.

the second and third insulated wires are a differential signal wire pair.
The computing device of claim 19, wherein: the computing device is a mobile
computing device including, coupled with the circuit board, a display, a touchscreen
display, a touchscreen controller, a battery, a global positioning system device, a

compass, a speaker, or a camera.
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